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(54) LITHIUM ION BATTERY 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium ion 
battery which can be prevented from decreasing in 
battery capacity by inhibiting the breakdown of the 
crystalline structure of lithium-manganese oxides even 
when it is preserved at high temperatures. 
SOLUTION: A lithium ion battery has a positive 
electrode 1 made of lithium- manganese oxides capable 
of storing and releasing lithium ions, a negative electrode 
2 made of a graphite carbonaceous substance capable of 
storing and releasing lithium ions, and an electrolyte. In 
this case, at least propylene carbonate and vinylene 
carbonate are contained in the electrolyte as the 
solvents of the electrolyte. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The lithium ion battery characterized by containing propylene carbonate and vinylene 
carbonate at least as a solvent of the above-mentioned electrolytic solution in the lithium ion 
battery equipped with the positive electrode which consists of the lithium manganic acid ghost which 
emits [ occlusion and ] a lithium ion, the negative electrode which consists of the graphite system 
carbon material which emits [ occlusion and ] a lithium ion, and the electrolytic solution which 
consists of a solvent and a solute. 

[Claim 2] As the above-mentioned lithium manganic acid ghost, it is LiMn 204 of a spinel mold. 
Lithium ion battery according to claim 1 used. 

[Claim 3] The lithium ion battery according to claim 1 or 2 with which the above-mentioned 
propylene carbonate is contained 20% of the weight or more, and the above-mentioned vinylene 
carbonate is contained 5% of the weight or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lithium ion battery equipped with the positive 
electrode which consists of the lithium manganic acid ghost which emits [ occlusion and ] a lithium 
ion, the negative electrode which consists of the graphite system carbon material which emits [ 
occlusion and ] a lithium ion, and the electrolytic solution which consists of a solvent and a solute. 
[0002] 

[Description of the Prior Art] recent years and a positive electrode — LiCo02 and LiNi02 Or LiMn 
204 etc. — as the cell by which the lithium ion battery which used the graphite system carbon 
material for the negative electrode has a high energy consistency using a lithium content multiple 
oxide — promising — especially — a positive electrode — LiMn 204 etc. — since manganese is 
abundant in resource and it is low cost by the cell using a lithium manganic acid ghost, it is 
promising especially as a large-sized cell of a high energy consistency. 

[0003] Here, as a solvent of the electrolytic solution used for the above-mentioned lithium ion 
battery, what makes ethylene carbonate a subject was usually used. However, the lithium manganic 
acid ghost was used for the positive electrode, and in the lithium ion battery using what makes 
ethylene carbonate a subject as a solvent of the electrolytic solution, as a result of ethylene 
carbonate and a lithium manganic acid ghost reacting gradually if saved at an elevated temperature, 
and the crystal structure of a lithium manganic acid ghost collapsing, it had the technical problem 
that cell capacity fell. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above situation, and 
even if it is the case where it saves at an elevated temperature, it aims at offer of the lithium ion 
battery which can prevent the fall of cell capacity by controlling that the crystal structure of a 
lithium manganic acid ghost collapses. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention 
according to claim 1 is characterized by containing propylene carbonate and vinylene carbonate at 
least as a solvent of the above-mentioned electrolytic solution in the lithium ion battery equipped 
with the positive electrode which consists of the lithium manganic acid ghost which emits [ 
occlusion and ] a lithium ion, the negative electrode which consists of the graphite system carbon 
material which emits [ occlusion and ] a lithium ion, and the electrolytic solution which consists of a 
solvent and a solute among this inventions. 

[0006] If propylene carbonate is contained as a solvent of the electrolytic solution like the 
above-mentioned configuration, since a lithium manganic acid ghost will hardly be dissolved in 
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propylene carbonate, even if it is the case where it saves at an elevated temperature, it can control 
that the crystal structure of a lithium manganic acid ghost collapses. However, only by propylene 
carbonate being contained as a solvent of the electrolytic solution, in order that the graphite system 
carbon material and propylene carbonate of a negative electrode may react cell capacity falls too. 
Then, if the vinylene carbonate other than propylene carbonate is included as a solvent of the 
electrolytic solution like the above, since a protective coat will be formed in a graphite system 
carbon material front face of an operation of vinylene carbonate, it can prevent that a graphite 
system carbon material and propylene carbonate react. From these things, since the reaction in 
positive/negative two poles can be controlled, even if it is the case where it saves at an elevated 
temperature, it can prevent that cell capacity falls. 

[0007] Moreover, it sets to invention according to claim 1, and invention according to claim 2 is LiMn 
204 of a spinel mold as the above-mentioned lithium manganic acid ghost. It is characterized by 
being used. Thus, it is LiMn 204 of a spinel mold as a lithium manganic acid ghost When it uses, it 
has the advantage that the operating potential of a cell becomes high. 

[0008] Moreover, invention according to claim 3 is characterized by containing the above-mentioned 
propylene carbonate 20% of the weight or more, and containing the above-mentioned vinylene 
carbonate 5% of the weight or more in invention according to claim 1 or 2. Thus, regulating will be 
based on the reason for there being too few each additions and causing the fall of cell capacity, if 
propylene carbonate becomes less than 20% of the weight and vinylene carbonate becomes less 
than 5% of the weight. 
[0009] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained below based on 
drawing 1 . Drawing 1 is the decomposition perspective view of the lithium ion battery concerning 
this invention. 

[0010] It is LiMn 204 to the axis which the lithium ion battery of this invention has the sheathing 
can 7 of the shape of a cylinder like object with base which consists of aluminum as shown in 
drawing 1 , and consists of aluminum in this sheathing can 7. The generation-of-electrical-energy 
element 9 which consists of the positive electrode 1 with which the active material layer made into 
a subject was formed, the negative electrode 2 with which the active material layer which makes a 
natural graphite a subject was formed in the axis which consists of copper and the separator 3 
which estranges these two electrodes 1-2 be contained. It is LiPF6 to the mixed solvent with which 
propylene carbonate (PC), and vinylene carbonate (VC) and diethyl carbonate (DEC) were mixed at a 
rate of 30:10:60 by the volume ratio in the above-mentioned sheathing can 7. The electrolytic 
solution dissolved at a rate of 1M (a mol/liter) is poured in, and the lid 8 which consists of aluminum 
is fixed to opening of the above-mentioned sheathing can 7, and it obturates a cell. 
[001 1] Furthermore, through the positive-electrode current collection tab 4, for the 
positive-electrode terminal 6, it can connect with the sheathing can 7 through the 
negative-electrode current collection tab 5, respectively, and the above-mentioned positive 
electrode 1 can take out now the above-mentioned negative electrode 6 to the exterior again by 
making into electrical energy chemical energy produced inside the cell. In addition, the magnitude of 
this cell is constituted so that a diameter may be set to 18mm and height may be set to 65mm. 
[0012] Here, it is the following, and the lithium ion battery of the above-mentioned structure was 
made and produced. First, LiMn 204 as positive active material After mixing [ the carbon black as an 
electric conduction agent ] 5 % of the weight and the N-methyl-2-pyrrolidone (NMP) solution as a 
solvent with 90 % of the weight for 5 % of the weight and the polyvinylidene fluoride (PVdF) as a 
binder and preparing the slurry for positive electrodes, this slurry for positive electrodes was applied 
to both sides of the aluminium foil (thickness: 20 micrometers) as a positive-electrode charge 
collector. Then, after drying the solvent and compressing even into predetermined thickness with a 
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roller, it cut so that it might become predetermined width of face and die length, and the 
positive-electrode current collection tab 4 was further welded to the positive-electrode charge 
collector. 

[0013] After mixing [ the natural - graphite powder as a negative— electrode active material ] 5 % of 
the weight and the NMP solution as a solvent with 95 % of the weight for PVdF as a binder and 
preparing the slurry for negative electrodes in parallel to this, this slurry for negative electrodes was 
applied to both sides of the copper foil (thickness: 16 micrometers) as a negative-electrode charge 
collector. Then, after drying the solvent and compressing even into predetermined thickness with a 
roller, it cut so that it might become predetermined width of face and die length, and the 
negative-electrode current collection tab 5 was further welded to the negative-electrode charge 
collector. 

[0014] Next, after winding the above-mentioned positive electrode 1 and the negative electrode 2 
through the separator 3 (thickness: 25 micrometers) which consists of the fine porosity film made 
from polyethylene and producing the generation-of-electrical-energy element 9, this 
generation-of-electrical-energy element 9 was inserted into the sheathing can 7, and the 
negative-electrode current collection tab 5 was further welded to the can bottom of the sheathing 
can 7. Then, the positive-electrode current collection tab 4 was welded to the lid 8. It is UPF6 to 
the mixed solvent with which PC, and VC and DEC were mixed at a rate of 30:10:60 by the volume 
ratio after an appropriate time. After pouring in the electrolytic solution dissolved at a rate of 1M (a 
mol/liter) into the sheathing can 7, the lithium ion battery of a cylindrical shape was produced by 
obturating with the obturation plate 8. 

[0015] in addition, as a negative-electrode ingredient, a natural graphite, an artificial graphite, etc. 
use suitably — having — moreover — as the solute of the electrolytic solution — the above LiPF6 
others — LiCI04, LiBF4, and LiCF3 S03 etc. — it is used. 
[0016] 

[Example] [Example 1] The cell shown in the gestalt of implementation of the above-mentioned 
invention as a cell of an example 1 was used. Thus, the produced cell is hereafter called this 
invention cell A1. 

[0017] [Example 2] PC, and VC and DEC used the mixed solvent mixed at a rate of 35:5:60 by the 
volume ratio as a solvent of the electrolytic solution, and also the cell was produced like the 
above-mentioned example 1. Thus, the produced cell is hereafter called this invention cell A2. 
[0018] [Example 3] PC, VC, and EC (ethylene carbonate) and DEC used the mixed solvent mixed at 
a rate of 30:10:5:55 by the volume ratio as a solvent of the electrolytic solution, and also the cell 
was produced like the above-mentioned example 1. Thus, the produced cell is hereafter called this 
invention cell A3. 

[0019] [Example 4] PC, and VC and DEC used the mixed solvent mixed at a rate of 15:10:75 by the 
volume ratio as a solvent of the electrolytic solution, and also the cell was produced like the 
above-mentioned example 1. Thus, the produced cell is hereafter called this invention cell A4. 
[0020] [Example 5] PC, and VC and DEC used the mixed solvent mixed at a rate of 40:2:58 by the 
volume ratio as a solvent of the electrolytic solution, and also the cell was produced like the 
above-mentioned example 1. Thus, the produced cell is hereafter called this invention cell A5. 
[0021] [Example 1 of a comparison] EC and DEC used the mixed solvent mixed at a rate of 50:50 by 
the volume ratio as a solvent of the electrolytic solution, and also the cell was produced like the 
above-mentioned example 1. Thus, the produced cell is hereafter called the comparison cell X1. 
[0022] [Example 2 of a comparison] EC, and VC and DEC used the mixed solvent mixed at a rate of 
30:10:60 by the volume ratio as a solvent of the electrolytic solution, and also the cell was produced 
like the above-mentioned example 1. Thus, the produced cell is hereafter called the comparison cell 
X2. 
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[0023] [Example 3 of a comparison] PC and DEC used the mixed solvent mixed at a rate of 50:50 by 
the volume ratio as a solvent of the electrolytic solution, and also the cell was produced like the 
above-mentioned example 1. Thus, the produced cell is hereafter called the comparison cell X3. 
[0024] [Example 4 of a comparison] PC and DEC used the mixed solvent mixed at a rate of 20:80 by 
the volume ratio as a solvent of the electrolytic solution, and also the cell was produced like the 
above-mentioned example 1. Thus, the produced cell is hereafter called the comparison cell X4. 
[0025] [Example 5 of a comparison] PC and DEC used the mixed solvent mixed at a rate of 80:20 by 
the volume ratio as a solvent of the electrolytic solution, and also the cell was produced like the 
above-mentioned example 1. Thus, the produced cell is hereafter called the comparison cell X5. 
[0026] [Example 6 of a comparison] PC and DMC (dimethyl carbonate) used the mixed solvent 
mixed at a rate of 50:50 by the volume ratio as a solvent of the electrolytic solution, and also the 
cell was produced like the above-mentioned example 1. Thus, the produced cell is hereafter called 
the comparison cell X6. 

[0027] [Example 7 of a comparison] PC and MEC (methylethyl carbonate) used the mixed solvent 
mixed at a rate of 50:50 by the volume ratio as a solvent of the electrolytic solution, and also the 
cell was produced like the above-mentioned example 1. Thus, the produced cell is hereafter called 
the comparison cell X7. 

[0028] [Preliminary experiment] LiMn 204 which is a positive electrode LiMn 204 after being 
immersed in each electrolytic solution shown in Table 1 after charge and carrying out predetermined 
period neglect at an elevated temperature further Since the amount of dissolutions was investigated, 
the result is collectively shown in Table 1. The concrete experiment was conducted by [ as being 
the following ]. First, after applying to both sides of aluminium foil the slurry for positive electrodes 
shown in the gestalt of implementation of the above-mentioned invention, and the same slurry, the 
solvent was dried and also it cut in 20mmx20mm magnitude. Next, it is current value 0.2 mA/cm2, 
using a lithium as a counter electrode on a glass cell. It charged until the electrical potential 
difference was set to 4.3V. Then, after saving for ten days at 60 degrees C f being immersed in the 
electrolytic solution shown in the following table 1, an electrode is taken out, and it is LiMn 204. The 
amount of dissolutions was measured. In addition, what elevated-temperature neglect is carried out 
for in the state of charge is LiMn 204, especially after the lithium has fallen out. It is based on the 
reason the amount of dissolutions increases. 
[0029] 
Table 1] 
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[0030] At the samples a and b which contain EC in the solvent of the electrolytic solution excluding 
PC so that clearly from Table 1 , it is LiMn 204. At sample c-k which contains PC in the solvent of 
the electrolytic solution, it is LiMn 204 to a thing with the large amount of dissolutions. It is 
admitted that the amount of dissolutions is small. Therefore, it is LiMn 204 as positive active 
material. When it uses, it turns out that it is required for the solvent of the electrolytic solution to 
include PC. However, even if PC is included in the solvent of the electrolytic solution, it compares 
with sample c-i and k by the sample j with many amounts of EC, and it is LiMn 204. The amount of 
dissolutions is large. Therefore, even if PC is included in the solvent of the electrolytic solution, it 
turns out that what has not much many amounts of EC is not desirable. 

[0031] [This experiment] Since the initial capacity of the above-mentioned this invention cell A1 - 
A5, and the comparison cells X1-X7 was measured, the result is shown in Table 2. In addition, 
charge-and-discharge conditions are conditions of discharging until cell voltage is set to 2.75V by 
current 1C, after charging until cell voltage is set to 4.2V by current 1C. 
[0032] 
[Table 2] 
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[0033] Although PC is included in the solvent of the electrolytic solution to a thing with an initial 
capacity large [ this invention cell A1 which contains PC and VC in the solvent of the electrolytic 
solution - A3 ] so that clearly from Table 2, as for the comparison cells X3-X7 which VC does not 
contain, it is admitted that initial capacity is small. Therefore, from a viewpoint of initial capacity, it 
turns out that PC and VC need to be included in the solvent of the electrolytic solution. 
[0034] In addition, it is admitted also by the comparison cell X2 using the mixed solvent of the 
comparison cells X1 and EC using the mixed solvent of EC and DEC as a solvent of the electrolytic 
solution, and VC and DEC that initial capacity is large. However, at the thing (sample a) using the 
mixed solvent of EC and DEC as said preliminary experiment showed, and the thing (sample b) using 
the mixed solvent of EC, and VC and DEC, it is LiMn 204 after elevated-temperature neglect. Since 
the amount of dissolutions becomes large, it is not desirable. Therefore, LiMn 204 after 
elevated-temperature neglect In order for the amount of dissolutions to enlarge initial capacity 
moreover small, it turns out that it is required for the solvent of the electrolytic solution to include 
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PC and VC. 

[0035] Moreover, the fall of initial capacity is accepted in this invention cell A4 and this invention 
cell A5. This has few amounts of PC as 15 % of the weight, and is considered to originate in the 
amount of VC having decreased with 2 % of the weight in this invention cell A5 at this invention cell 
A4. Therefore, the amount of PC is 20 % of the weight or more (by this invention cells A1 and A2, 
although the amounts of PC are 30 % of the weight and 35 % of the weight, respectively), if the 
amount of PC is 20 % of the weight or more, it will check by experiment that initial capacity becomes 
large — it is — things are desirable and, as for the amount of VC, it is desirable that it is 5 % of the 
weight or more (the amounts of VC are 10 % of the weight and 5 % of the weight by this invention 
cells A1 and A2, respectively). 
[0036] 

[Effect of the Invention] Since according to this invention initial capacity becomes large and the 
amount of dissolutions of the lithium manganic acid ghosts (LiMn 204 etc.) in elevated-temperature 
neglect moreover becomes small as explained above, the outstanding effectiveness that the fall of 
the cell capacity after elevated-temperature neglect is also controlled is done so. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

("Drawing 1] Drawing 1 is the decomposition perspective view of the lithium ion battery concerning 

the gestalt of operation of this invention. 

[Description of Notations] 

1: Positive electrode 

2: Negative electrode 

3: Separator 
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